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Introduction {#irv12094-sec-0005}
============

Seasonal influenza causes up to 5 million cases of severe febrile illness and up to 500 000 deaths each year internationally[1](#irv12094-bib-0001){ref-type="ref"} and is a major economic burden.[2](#irv12094-bib-0002){ref-type="ref"} The highest disease burden occurs in older individuals, those with underlying chronic illnesses, the immunosuppressed, infants and pregnant women.[1](#irv12094-bib-0001){ref-type="ref"}, [3](#irv12094-bib-0003){ref-type="ref"}

Influenza vaccination is the primary intervention for reduction in the incidence and severity of influenza infection. However, many at‐risk individuals do not get vaccinated,[4](#irv12094-bib-0004){ref-type="ref"} and some vulnerable groups such as the very elderly and the immunosuppressed respond poorly to the vaccine. Furthermore, protection is reduced if there is a mismatch between the circulating strain and the vaccine, and in the event of a newly emerging influenza strain, such as the recent pandemic A (H1N1) 2009, vaccines may be unavailable for several months. Antiviral drugs are available; the M2 protein inhibitors (amantadine and rimantadine) and neuraminidase inhibitors (zanamivir and oseltamivir) shorten and reduce severity of illness and may reduce complications, but need to be commenced within 48 hours of onset.[5](#irv12094-bib-0005){ref-type="ref"} Resistance has already emerged in some strains and remains a potential risk for the future.[6](#irv12094-bib-0006){ref-type="ref"} Therefore, it is important that we continue to investigate new therapies that can be used independently or in conjunction with treatments currently available.

The production of type 1 IFN is a critical early host response to viral infections, inducing over 200 antiviral gene products and modulating downstream innate and adaptive immune responses.[7](#irv12094-bib-0007){ref-type="ref"} Despite its broad therapeutic potential, current use of IFN is largely restricted to high‐dose parenteral therapy for treatment of severe infections such as hepatitis B and C. Oral IFN administration at very low doses is believed to mimic a natural mode of action and result in a concentration of type 1 IFN in local nasal mucosa similar to that induced by exposure to respiratory viruses. Investigation into the physiological levels of endogenous type 1 IFN during viral infections has reported levels between 116 IU/ml[8](#irv12094-bib-0008){ref-type="ref"} and 138 IU/ml[9](#irv12094-bib-0009){ref-type="ref"} in nasal secretions and only 10--30 IU/ml in serum.[9](#irv12094-bib-0009){ref-type="ref"} This is approximately 10 000--100 000 times less than doses delivered parenterally for the treatment of hepatitis C. The use of IFN at such low doses means treatment is relatively inexpensive.

Experience with IFN for treatment of influenza has been inconsistent. Early reports from Russia using intranasal interferon indicated that it could be an effective prophylaxis and treatment.[10](#irv12094-bib-0010){ref-type="ref"}, [11](#irv12094-bib-0011){ref-type="ref"} Follow‐up studies conducted elsewhere found minimal benefits and unacceptable side effects when high‐dose intranasal IFN (\>10^6^ International Units, IU) was used.[12](#irv12094-bib-0012){ref-type="ref"}, [13](#irv12094-bib-0013){ref-type="ref"}, [14](#irv12094-bib-0014){ref-type="ref"}, [15](#irv12094-bib-0015){ref-type="ref"} Intranasal IFN prophylaxis has been shown to be effective in reducing the incidence of rhinovirus infection, demonstrating a dose--response relationship. Increasing doses were associated with increasing efficacy but also increased local adverse effects, mainly irritation of the nasal mucosa.[16](#irv12094-bib-0016){ref-type="ref"}, [17](#irv12094-bib-0017){ref-type="ref"}, [18](#irv12094-bib-0018){ref-type="ref"}

Interestingly, data from murine studies suggest that low‐dose IFN can be more effective than higher doses,[19](#irv12094-bib-0019){ref-type="ref"}, [20](#irv12094-bib-0020){ref-type="ref"}, [21](#irv12094-bib-0021){ref-type="ref"} indicating that low‐dose oral IFN may be effective despite the disappointing previous experience. While the mechanism underlying effective low‐dose oral IFN therapy is unknown, murine studies have shown that IFN‐α administered to the oral cavity is retained by tissues proximal to lymphoid regions, including the posterior nasal cavity, posterior tongue and small intestine,[22](#irv12094-bib-0022){ref-type="ref"} and type I interferon receptors are also present at high concentrations in the oropharyngeal cavity and elsewhere in the gastrointestinal tract.[19](#irv12094-bib-0019){ref-type="ref"} It is hypothesized that IFN delivered by the oral route binds to receptors on specialized cells in the oral and/or pharyngeal cavity and elicits a therapeutic immune response without the need for delivery of exogenous IFN into the systemic circulation.[7](#irv12094-bib-0007){ref-type="ref"} Oral administration of low‐dose recombinant IFN 1 has been shown to produce immunomodulatory effects in animal studies[19](#irv12094-bib-0019){ref-type="ref"}, [20](#irv12094-bib-0020){ref-type="ref"}, [23](#irv12094-bib-0023){ref-type="ref"} and human clinical trials,[24](#irv12094-bib-0024){ref-type="ref"}, [25](#irv12094-bib-0025){ref-type="ref"}, [26](#irv12094-bib-0026){ref-type="ref"} and to reduce influenza mortality in a mouse model.[21](#irv12094-bib-0021){ref-type="ref"} It has been well tolerated in these trials with no evidence of significant adverse effects. Therefore, we undertook a clinical trial to examine the efficacy of low‐dose oral IFN in the prevention of acute respiratory illness during the winter influenza season in Western Australia in 2009, which coincided with the emergence of the pandemic A/(H1N1) 2009 virus.

Materials and methods {#irv12094-sec-0006}
=====================

Study design {#irv12094-sec-0007}
------------

This phase 2, randomized, double‐blind, placebo‐controlled clinical trial was conducted at a single site in Perth, Western Australia. The purpose of this study was to evaluate the efficacy of once‐daily lozenges containing low‐dose IFN‐α in preventing acute respiratory viral illness in healthy adults between the ages of 18 and 75 years. All subjects provided written informed consent. The study was approved by Sir Charles Gardner Hospital Human Research Ethics Committee (Perth, Western Australia) and was conducted in accordance with the current revision of the Declaration of Helsinki (Revised South Africa 1996) and with local laws and regulations. The trial was registered with the Australian and New Zealand Clinical Trials Registry (ACTRN12609000976280) at <http://www.anzctr.org.au/> and at <http://clinicaltrials.gov/> (NCT00895947).

The primary endpoint for this study was the incidence of acute respiratory illness (ARI) as defined by the presence of one or more symptoms, with a severity rating of moderate or severe, during the 16‐week treatment period.

Placebo and interferon lozenges {#irv12094-sec-0008}
-------------------------------

All lozenges contained anhydrous crystalline maltose and magnesium state. Active lozenges contained 150 IU of natural human interferon alpha (3:1 ratio of IFNα 2b and IFNα 8) prepared by HBL (Hayabashi Biochemical Labs., Okayama, Japan)[27](#irv12094-bib-0027){ref-type="ref"} and supplied by Amarillo Biosciences Inc. (Amarillo, TX, USA). The active lozenges retain full potency for at least 5 years when refrigerated at 4°C and for up to 2 years when stored at room temperature (25°C). The IFNα and placebo lozenges were identical in appearance, taste and odour. No formal test of blinding was performed for this trial; however, HBL IFN lozenge preparations have been used in 10 previous clinical trials and no bias of reporting has been noted. Participants were randomized into one of two treatments groups: 150 IU IFNα lozenges or placebo lozenges. During the 16‐week treatment period, participants were asked to dissolve one lozenge in their mouth each morning. Compliance was monitored through the use of the weekly health data questionnaire. Participants were asked to report how many days they had taken the trial medication. These counts were confirmed at the end of the study when participants returned the trial medication, and the remaining lozenges were counted.

Recruitment and screening {#irv12094-sec-0009}
-------------------------

Healthy adults between the ages of 18 and 75 years were recruited from the Perth metropolitan area through email and newspaper advertisement. Medical and influenza vaccination histories, baseline full blood picture, renal functions tests, liver function tests, β‐HCG (for females) and lipid profile were taken. Volunteers were excluded if they were found to be at increased risk of severe or complicated influenza;[3](#irv12094-bib-0003){ref-type="ref"} had a history of other chronic respiratory conditions, chronic hepatitis B or hepatitis C infection, severe depression; were pregnant; or had any significant abnormal laboratory result (other than an abnormal lipid profile) as deemed by the trial clinician. Subjects who had received the 2009 seasonal influenza vaccine were eligible for enrolment in the study. No participants received the pandemic influenza vaccine prior to or during the treatment period of the study.

Randomization {#irv12094-sec-0010}
-------------

Amarillo Biosciences Inc. carried out the study drug randomization and blinding. A total of 200 study ID numbers were allocated and used to label individual study drug containers from 001 to 200. These were held in the Pharmacy Department at Sir Charles Gairdner Hospital, where the drugs were dispensed to participants following randomization. Using randomly permuted blocks of four subjects, participants were assigned to one of two groups: (i) 150 IU IFNα or (ii) placebo. Recruitment and enrolment were progressive, with the first participant starting mid‐May 2009 and the final participant completing the 16‐week treatment period mid‐November 2009.

Determining episodes of acute respiratory illness (ARI) {#irv12094-sec-0011}
-------------------------------------------------------

An online weekly health data questionnaire, adapted from the Wisconsin Upper Respiratory Symptom‐21 (WURSS‐21) daily symptom report survey, was used to collect information on the incidence, severity and impact of ARI. Participants reported on 13 symptoms associated with acute respiratory illness: cough, sore throat, scratchy throat, hoarseness, runny nose, plugged nose, sneezing, headache, body aches, chills, fever, head congestion and chest congestion. A 7‐point severity scale was used ranging from absent (0), very mild (1), mild (2--3), moderate (4--5) to severe (6--7). Participants were asked to rank the severity of their illness based on the following definitions. Mild symptoms cause minimal discomfort and do not interfere in a significant manner with normal activities; moderate symptoms are sufficiently uncomfortable to produce some impairment of normal activities; and severe symptoms are incapacitating and prevent participation in normal activities. Participants were asked to only rate symptoms they felt were due to colds or influenza, that is, if they believed a headache was due to a cause other than a cold or influenza, it did not need to be scored.

Participants were also asked to report on the impact of their illness on daily activities, the number of days they felt sick and/or missed work, whether they visited a medical practitioner and/or pharmacy, whether they took medications and whether they skipped any planned activities.

Serology {#irv12094-sec-0012}
--------

Serum samples were collected from participants at the time of initial screening and again after the 16‐week treatment period. Influenza A subtype‐specific hemagglutination inhibition (HI) titres for antibody to pandemic influenza A/California/7/2009(H1N1), seasonal influenza A/Brisbane/59/2007(H1N1) and seasonal influenza A/Brisbane/10/2007(H3N2) were performed at the WHO Collaborating Centre for Reference and Research on Influenza, Melbourne, Australia. Antibodies to influenza B, adenovirus, respiratory syncytial virus and parainfluenza viruses types 1, 2 and 3 were detected by complement fixation titres (CFT) at PathWest. A fourfold or greater increase in titre was taken to indicate infection with that virus during the trial period. For pre‐trial influenza immunity, a HI titre ≥40 against an influenza A subtype or a CFT ≥ 80 against the other viruses was regarded as significant. Participants who were vaccinated against seasonal influenza A were eligible for enrolment in the study but were excluded from the serology analysis. A monovalent pandemic (H1N1) 2009 vaccine was made available for adults on 30 September 2009, and participants reported whether they received this vaccine. None received the pandemic vaccine during the 16‐week treatment period, but three participants received the vaccine after the 16‐week treatment period and before collection of their post‐treatment sera. These participants were excluded from the serological analysis.

Statistical analysis {#irv12094-sec-0013}
--------------------

All efficacy analyses were carried out on the intent‐to‐treat (ITT) population, consisting of all patients who were randomized and took at least one dose of study medication. The incidence of ARI was calculated as the proportion of patients who experienced one or more episodes of ARI during the 16‐week treatment period, and was analysed using binary logistic regression models comparing the two treatment groups and adjusting for seasonal influenza vaccination status, sex and age (\<50 or ≥50). The rate of ARI was defined as the number of episodes per participant experienced during the 16‐week treatment period. Pearson chi‐square test was used to determine significance, and omnibus test was used to identify subhypotheses (*post hoc*) investigations. Sex, age and seasonal influenza vaccination status interactions were explored by comparing adjusted odds ratios. Safety analysis included Pearson chi‐square or Fisher\'s exact test to compare the treatment groups for the proportion of subjects reporting each adverse event, reporting severity level of each adverse event, reporting one or more serious adverse events, and failing to complete the 16 weeks of treatment. Treatment groups were also compared for changes in full blood counts and serum chemistry variables from the time of screening to the end of treatment by analysis of variance. All analyses were performed using [spss]{.smallcaps} Software (PASW Statistics 18, SPSS Inc., Chicago, IL, USA).

Results {#irv12094-sec-0014}
=======

Study population {#irv12094-sec-0015}
----------------

One hundred and ninety‐eight participants (Table [1](#irv12094-tbl-0001){ref-type="table-wrap"}) completed a total of 2963 weekly health data questionnaires, representing 94% of the expected 3168 returns. A total of 178 participants (89%) completed the 16‐week treatment course, and, within this population, study drug compliance averaged 96%. The median age of the study population was 49 years (range 20--74 years), of whom 68% were females.

###### 

Demographic characteristics of randomized participant population at the time of screening

  Participant demographics                 Placebo (*n*)   Interferon (*n*)   Total(*n*)
  ---------------------------------------- --------------- ------------------ ---------------------------------------------
  Randomized                               100             100                200
  Intent to treat (ITT)                    99              99                 198
  Completed 16 weeks of treatment          90              88                 178
  Age distribution (years)                                                    
  20--29                                   15              26                 41
  30--39                                   11              8                  19
  40--49                                   27              18                 45
  50--59                                   29              33                 62
  60--69                                   14              11                 25
  70--75                                   3               3                  6
  Participant subgroups (ITT)                                                 
  Age                                                                         
  Under 50 years old                       53              52                 --
  50 years old or more                     46              47                 0·89
  Sex                                                                         
  Females                                  65              70                 --
  Males                                    34              29                 0·45
  Seasonal influenza vaccination in 2009                                      
  No                                       48              62                 --
  Yes                                      51              37                 0·05[a](#irv12094-note-0001){ref-type="fn"}

Denotes a statistical difference between the groups. Fewer subjects in the IFN group received seasonal influenza vaccination.

John Wiley & Sons, Ltd

Incidence of ARI {#irv12094-sec-0016}
----------------

A case of acute respiratory illness (ARI) was defined by the reporting of one or more symptoms, with a severity rating of moderate or severe, during the 16‐week treatment period. During the study, participants reported 317 ARI, of which 163 occurred in the placebo group (mean 1·65 ± 0·20 per participant) and 154 occurred in the IFN group (mean 1·55 ± 0·21 per participant, *P *= 0·752). There was also no significant difference in the proportion of participants reporting ARI between the two treatment groups (Figure [1](#irv12094-fig-0001){ref-type="fig"}A). *Post hoc* analysis of demographic subgroups was performed, and the results are reported below.

![Proportion of participants from each treatment group reporting one or more episodes of acute respiratory illness (ARI) during the study period. An episode of ARI was defined as ≥1 respiratory symptoms reported within a given weekly health data report and rated moderate or severe. Error bars indicate 95% confidence intervals. Binary logistic regression models used adjusted for sex, age and seasonal influenza vaccination status.](IRV-7-854-g001){#irv12094-fig-0001}

*Post hoc* analysis {#irv12094-sec-0017}
-------------------

*Post hoc* subgroup analysis based on sex (Figure [1](#irv12094-fig-0001){ref-type="fig"}B), age (Figure [1](#irv12094-fig-0001){ref-type="fig"}C) and seasonal influenza vaccination status (Figure [1](#irv12094-fig-0001){ref-type="fig"}D) was performed to further examine differences in the incidence of ARI between IFN and placebo groups. Prophylaxis with 150 IU IFNα significantly reduced the incidence in males, those aged 50 years and above and those who had received the 2009 southern hemisphere seasonal influenza vaccine. Sex, age, vaccination status and treatment group were included in all regression models to correct for multiple comparisons.

Incidence and severity of individual symptoms {#irv12094-sec-0018}
---------------------------------------------

Participants were asked to report on a total of 13 symptoms associated with ARI. To determine whether there was any overall effect on symptoms, we performed an area‐under‐the‐curve (AUC) analysis of total weekly symptom scores for all participants, independent of whether they met the criteria for an ARI. A mean AUC value of 62·56 ± 6·75 was observed for the placebo group and 57·29 ± 6·65 for the interferon group, indicating no significant difference between the treatment groups (*P *= 0·579). The incidence and severity of the individual symptoms were also analysed. No significant difference was seen in the overall incidence of any of the 13 symptoms reported by the two treatment groups.

For moderate or severe symptoms only, feverishness was significantly reduced from an incidence proportion of 23·3 ± 4·4% of participants in the placebo group to only 11·7 ± 3·4% in the IFN group (*P *= 0·036). This reduction in reporting of feverishness was observed across all sex, age and vaccination status subgroups. No significant difference was observed in the reporting of moderate‐to‐severe symptoms in the other 12 variables measured. However, statistically non‐significant trends in reduction were observed for two other symptoms: head congestion (reduced from 32·7 ± 5·0% to 20·5 ± 4·4%, *P *= 0·053) and sore throat (reduced from 35·9 ± 5·1% to 23·5 ± 4·6%, *P *= 0·056) in the IFN group. These reductions were only observed in those aged 50 years and above, in males and in those vaccinated against the seasonal influenza vaccine.

Sex, age, seasonal influenza vaccination status and treatment group interactions were included in all regression models to correct for multiple comparisons.

Secondary outcomes {#irv12094-sec-0019}
------------------

Secondary outcomes for the study were categorized into three groups: negative impacts due to colds and flu, serology and adverse events.

Negative impacts due to colds and flu {#irv12094-sec-0020}
-------------------------------------

Interferon prophylaxis had no impact on the number of days participants reported missing work, taking cold or flu medication, number of medical practitioner visits, pharmacy visits, days spent feeling sick or number of days a planned activity was skipped due to cold or influenza symptoms (Table [2](#irv12094-tbl-0002){ref-type="table-wrap"}).

###### 

Effect of low‐dose oral interferon treatment on the impact of acute respiratory infections. Participants reported the number of days they were negatively affected by acute respiratory illness (ARI) each week

                                   Mean number of days                 
  -------------------------------- --------------------- ------------- ------
  Felt sick                        6·2 ± 8·4             5·9 ± 8·2     0·78
  Absent from work                 1·1 ± 2·0             1·1 ± 2·4     0·75
  Visited a medical practitioner   0·29 ± 0·8            0·27 ± 0·77   0·96
  Visited a pharmacy               0·79 ± 2·0            0·87 ± 1·9    0·52
  Took medication                  6·1 ± 9·9             5·3 ± 7·6     0·57
  Skipped a planned activity       1·7 ± 2·8             2·4 ± 4·4     0·69

IFN, interferon.

John Wiley & Sons, Ltd

Serology {#irv12094-sec-0021}
--------

Analysis of pre‐trial samples showed 124 participants to have evidence of pre‐existing infection with one or more respiratory viruses: 70 in the placebo group and 54 in the IFN group. A total of 236 past infections were identified, including 148 influenza virus types and subtypes and 88 other respiratory viruses. Of these, 63 influenza (mean 0·64 per participant) and 43 other viruses (mean 0·44 per participant) occurred in the IFN group (mean 1·07 per participant), and 85 influenza (mean 0·86 per participant) and 45 other viruses (mean 0·45 per participant) occurred in the placebo group (mean 1·31 per participant).

A total of 179 paired participant samples were available for analysis, 89 from the IFN treatment group and 90 from the placebo group. Seven participant samples were excluded due to seroconversion as a results of seasonal (*n *= 4) or pandemic (*n *= 3) influenza vaccination. During the trial, 20 participants from the IFN treatment group were infected with 22 respiratory viruses, and 23 participants from the placebo group were infected with 23 respiratory viruses (Table [3](#irv12094-tbl-0003){ref-type="table-wrap"}). Overall, the incidence of influenza and non‐influenza infections detected by serology was the same in the IFN and placebo groups (Figure [2](#irv12094-fig-0002){ref-type="fig"}A). The serology data were then correlated with reporting of moderate‐to‐severe symptoms (which defined an ARI) collected from the weekly health data questionnaires. The proportion of seropositive participants reporting moderate‐to‐severe symptoms was 76·2% placebo recipients compared with 23·8% IFN recipients (*P *= 0·0082) (Figure [2](#irv12094-fig-0002){ref-type="fig"}B). These results indicate that while IFN did not reduce the incidence of serologically proven infection, it did significantly reduce the incidence of moderate or severe illness.

###### 

Number of serologically confirmed past and acute respiratory viral infections

  Number of participant samples tested           Serological evidence of past exposure[a](#irv12094-note-0003){ref-type="fn"}   Acute infection[b](#irv12094-note-0004){ref-type="fn"}        
  ---------------------------------------------- ------------------------------------------------------------------------------ -------------------------------------------------------- ---- ----
  Pandemic influenza A/California/7/2009(H1N1)   13                                                                             6                                                        16   13
  Seasonal influenza A/Brisbane/59/2007(H1N1)    20                                                                             15                                                       0    0
  Seasonal influenza A/Brisbane/10/2007(H3N2)    38                                                                             23                                                       2    3
  Influenza B                                    14                                                                             19                                                       0    0
  Adenovirus                                     11                                                                             15                                                       0    1
  Respiratory syncytial virus                    20                                                                             8                                                        3    3
  Parainfluenza virus type 1                     3                                                                              4                                                        0    1
  Parainfluenza virus type 2                     0                                                                              1                                                        0    0
  Parainfluenza virus type 3                     11                                                                             15                                                       2    1
  Total                                          130                                                                            106                                                      23   22

Significant antibody titre in the screening serum sample.

Fourfold or greater rise in antibody titre between the screening and post‐treatment serum samples.

John Wiley & Sons, Ltd

![Participants with one or more serologically confirmed acute viral infection. (A) The proportion of participants who seroconverted during the treatment period. (B) The maximum severity of illness reported by participants with one or more serologically confirmed respiratory virus. Areas of light grey shading represent the number of participants who were asymptomatic or only reported mild symptoms; areas of dark grey shading represents the number of participants reporting moderate or severe symptoms. Fisher\'s exact test was used to compare the proportion of participants who reported moderate or severe illness in the two treatment groups (\* denotes significance).](IRV-7-854-g002){#irv12094-fig-0002}

Adverse events {#irv12094-sec-0022}
--------------

The analysis of early study terminations included all 200 randomized subjects. Otherwise, the safety analyses included all 198 subjects who took at least one dose of study drug. The treatment groups were compared for changes in full blood count and serum chemistry variables from screening to the end of treatment by analysis of variance. Chi‐square or Fisher\'s exact tests were used to compare the treatment groups for the proportion of subjects (i) reporting each adverse event, (ii) reporting each severity level (mild, moderate or severe) for each adverse event, (iii) reporting one or more serious adverse events, and (iv) failing to complete 16 weeks of treatment. The overall rate of adverse events was very low: an average of 1·44 adverse event reports per placebo‐treated subject and 1·31 adverse event reports per IFN‐treated subject in the 20 weeks of study treatment and follow‐up. The same proportion of subjects in both groups (50·5%) reported one or more adverse event during treatment. There were no significant differences between the groups in the proportion of subjects reporting one or more mild, moderate or severe adverse events, either overall or for any particular adverse event. Adverse events reported with the greatest frequency were hay fever (27 participants), diarrhoea (24 participants) and headache (not associated with cold and flu symptoms) (24 participants). There was no significant difference in the proportion of IFN‐ or placebo‐treated participants reporting these symptoms. A total of 89% of the randomized subjects completed all 16 weeks of treatment, and the treatment groups did not differ significantly in the rate of early termination overall or due to adverse events. A single serious adverse event was reported in each group. Both were the result of inpatient hospitalizations for events unrelated to respiratory illness, and neither was deemed by the investigators who were blind as being related to study drug. A subject in the placebo group underwent an emergency appendectomy, while a subject in the IFN group required an emergency haemorrhoidectomy. Both subjects were able to complete the study.

In addition, there were no clinically meaningful adverse laboratory findings. Of the 31 blood counts and serum chemistry variables assessed, the only variable that was significantly different between the treatment groups at week 16 was the mean creatinine level. The placebo group reported a mean level of 80·8 μ[m]{.smallcaps} ± 13·2 while the IFN group reported a mean level of 76·2 μ[m]{.smallcaps} ± 10·9 (*P *= 0·02). The reference range for this variable is 60--120 μ[m]{.smallcaps} for males and 40--90 μ[m]{.smallcaps} for females. Given the small absolute difference in mean creatinine levels between the groups and the fact that mean change in levels did not differ significantly between the groups, this finding is not believed to be clinically meaningful.

Discussion {#irv12094-sec-0023}
==========

This study investigated the efficacy of low‐dose oral IFNα (150 IU) for protection against acute viral respiratory illnesses. Oral IFNα prophylaxis did not significantly reduce the incidence of ARI (Figure [1](#irv12094-fig-0001){ref-type="fig"}A) in healthy adults aged 18--75 years old, nor did it reduce the weekly symptom scores for participants or reduce the overall severity of symptoms. However, individual symptom reports showed a \~50% reduction in the incidence of moderate‐to‐severe episodes of feverishness in the 150 IU IFNα population; trends were also observed in the reduction of head congestion (*P *= 0·053) and sore throat (*P *= 0·056).

This study also found that while the overall incidence of ARI was not reduced by IFN prophylaxis, *post hoc* analysis of the data demonstrated a protective effect in males, those aged 50 years and above and those who had received the 2009 southern hemisphere seasonal influenza vaccine (Figure [1](#irv12094-fig-0001){ref-type="fig"}B--D). These were all independent predictors of a beneficial IFNα effect. Also, the IFNα treatment group had significantly fewer vaccinated participants compared with the placebo group (Table [1](#irv12094-tbl-0001){ref-type="table-wrap"}) and may have biased against an IFNα effect in this study. For the age effects, we chose to analyse the effect of IFNα on participants aged 50 years and above separately because they represented approximately 50% of our study population and are also recognized to be at increased risk of severe or complicated influenza.[28](#irv12094-bib-0028){ref-type="ref"} There were insufficient numbers to look in older age groups, such as those aged 65 years and above. Sex and age differences in the effects of type 1 IFN on hepatitis C[29](#irv12094-bib-0029){ref-type="ref"}, [30](#irv12094-bib-0030){ref-type="ref"} and in cytokine‐based immune responses have previously been reported, but the mechanisms behind these observations are unknown.[31](#irv12094-bib-0031){ref-type="ref"}, [32](#irv12094-bib-0032){ref-type="ref"}, [33](#irv12094-bib-0033){ref-type="ref"} The apparent effect of IFNα in participants who had received the 2009 seasonal vaccine is intriguing and suggests that the IFNα may have improved cross‐protection against the pandemic influenza A (H1N1) 2009 strain following seasonal influenza vaccination. It has been reported that the 2009 seasonal trivalent vaccine also afforded cross‐protection from confirmed pandemic H1N1 influenza illness in up to 34% of those vaccinated.[34](#irv12094-bib-0034){ref-type="ref"} It has also been shown that prior exposure to pandemic H1N1 influenza strains that circulated until 1957 established immunological memory in the older population providing clinical protection from severe illness.[35](#irv12094-bib-0035){ref-type="ref"}, [36](#irv12094-bib-0036){ref-type="ref"} While the mechanism underlying these effects is unknown, animal studies suggest immunological priming of cross‐reactive memory CD4^+^ T cells and cytolytic CD8^+^ T cells.[37](#irv12094-bib-0037){ref-type="ref"}, [38](#irv12094-bib-0038){ref-type="ref"}, [39](#irv12094-bib-0039){ref-type="ref"} Others have proposed, and we agree, that IFN likely acts as an adjuvant further enhancing dendritic cell function to drive both humoral and cell‐mediated cross‐protection \[40\]. Further studies designed to confirm and further investigate these effects are required.

The weekly health questionnaires were also used to assess the impact of ARI on daily life, and we did not find any benefit from IFNα prophylaxis for any of the parameters assessed (Table [2](#irv12094-tbl-0002){ref-type="table-wrap"}).

There was no evidence that 150 IU IFNα prophylaxis reduced the incidence of serologically confirmed infection with influenza or other respiratory viruses. That contrasts with a recent study reporting that human IFNα‐2b nose and throat spray prevented acute viral respiratory infections in military recruits.[35](#irv12094-bib-0035){ref-type="ref"} This may be due to differences in the IFN dose and route of administration, study populations and study design (they conducted their study over a 5‐day period) or limitations in their diagnostic testing. The study used IgM detection in single serum samples, which may have significantly underestimated infection rates in adults.[34](#irv12094-bib-0034){ref-type="ref"}, [36](#irv12094-bib-0036){ref-type="ref"}, [37](#irv12094-bib-0037){ref-type="ref"}

We did, however, find that patients with serologically confirmed respiratory viral infection taking IFNα had a significantly lower incidence of moderate or severe symptoms (Figure [2](#irv12094-fig-0002){ref-type="fig"}B). Similar results have previously been reported following intranasal administration of IFNα (1 × 10^4^ IU/day) where there was no reduction in serological influenza infections, but clinical illness was milder in the interferon group.[38](#irv12094-bib-0038){ref-type="ref"} These findings suggest that while low‐dose oral IFNα prophylaxis does not reduce the risk of infection with influenza or other respiratory viruses, it does appear to ameliorate the symptoms. That is consistent with our other findings of a significant reduction in feverishness in those on IFNα prophylaxis.

Unfortunately, we were unable to carry out direct testing for viruses by PCR. Therefore, we were unable to assess the role of respiratory virus infections that could not be detected serologically, such as rhinoviruses, coronaviruses or human metapneumovirus. We also did not directly measure endogenous local or systemic IFN levels. A recent murine study found low‐dose intranasal IFNα treatment to be protective against a lethal H5N1 influenza A challenge and also reported that low‐dose IFN treatment had an additive effect on IFNα induction and enhanced the production of interferon‐stimulated genes detected in the lungs.[39](#irv12094-bib-0039){ref-type="ref"}

In summary, our results show that 150 IU IFNα administered via the oral route was not effective in limiting the overall incidence of ARI in the study population or in reducing the impact of respiratory virus infections on daily activities. However, we did find evidence that it reduces the severity of illness though; in this study, that effect was not sufficient to reduce the impact on daily activities. Furthermore, the benefits of IFNα prophylaxis may be more substantial in certain subpopulations, that is, males, those aged 50 years or more and those who had received seasonal influenza vaccination. Further studies would help clarify whether IFNα reduces the severity of illness and complications of influenza and other respiratory infections in the elderly and other high‐risk groups. Additionally, they are needed to determine the potential for IFNα to enhance vaccine‐induced protection against influenza.
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